Background: new minimally invasive sternotomy (mini-sternotomy) procedures have improved the treatment outcome and reduced the incidence of perioperative complications leading to improved patient satisfaction and a reduced cost of aortic valve replacement in comparison to the conventional median sternotomy (full sternotomy). The aim of this study is to compare and gain new insights into operative and early postoperative outcomes, long-term postoperative results, and 5-year survival rates after aortic valve replacement through a ministernotomy and full sternotomy. Methods: This is a retrospective study of patients who underwent an isolated replacement of the aortic valve via a full sternotomy or ministernotomy from 2011 to 2016. From 2011 to 2016, 426 cardiac interventions were performed, 70 of which (16.4%) were of the ministernotomy and 356 (83.6%) of the full sternotomy. Through propensity score matching, 70 patients who underwent the ministernotomy (ministernotomy group) were compared with 70 patients who underwent the full sternotomy (control group). Results: in the propensity matching cohort, no statistical difference in operative time was noted (p = 0.856). The ministernotomy had longer cross clamp (88.7 ± 20.7 vs. 80.3 ± 24.6 min, p = 0.007) and bypass (144.0 ± 29.9 vs. 132.9 ± 44.9 min, p = 0.049) times, less ventilation time (9.7 ± 1.7 vs. 11.7 ± 1.4 h, p < 0.001), shorter hospital stay (18.3 ± 1.9 vs. 21.9 ± 1.9 days, p = 0.012), less 24-h chest tube drainage (256.2 ± 28.6 vs. 407.3 ± 40.37 mL, p < 0.001), fewer corrections of coagulopathy (p < 0.001), fewer patients receiving catecholamine (5.71 vs. 30.0%, p < 0.001) and better cosmetic results (p < 0.001). Moreover, the number of patients without complaints at 1 year after the operation was significantly greater in the ministernotomy group (p = 0.002), and no significant differences in the 5-year survival between the groups were observed. In the overall cohort, the ministernotomy had longer cross clamp times (88.7 ± 20.7 vs. 79.9 ± 24.8 min, p < 0.001), longer operative times (263.5 ± 62.0 vs. 246.7 ± 74.2 min, p = 0.037) and bypass times (144.0 ± 29.9 vs. 132.7 ± 44.5 min, p = 0.026), lower incidence of 30-day mortality (1(1.4) vs. 13(3.7), p = 0.022), shorter hospital stays post-surgery p = 0.025, less 24-h chest tube drainage, p < 0.001, and fewer corrections of coagulopathy (p < 0.001). Conclusions: the ministernotomy has a number of advantages compared with the full sternotomy and thus could be a better approach for aortic valve replacement.
Introduction
Recently, the number of cases with aortic pathology has increased markedly, which has resulted in the search for conservative surgical treatment methods [1] [2] [3] . Consequently, new minimally invasive approaches (e.g., upper and lower ministernotomy; V-shaped, Z-shaped, T-shaped, J-shaped sternotomy; and other types of ministernotomy) have been introduced [4] [5] [6] . New ministernotomy techniques have improved the treatment and reduced the incidence of perioperative complications compared with the full sternotomy [2] [3] [4] [5] [6] .
Currently, a number of studies comparing short-term and long-term results of full sternotomy and minimally invasive techniques have been conducted for hemisternotomy [7] [8] [9] . Minimally invasive approaches reduced the amount of blood loss, probability of infection and hospitalization duration; improved cosmetic results; and accelerated patient recovery [10] [11] [12] [13] . Despite the numerous advantages inherent to minimally invasive techniques, some authors have noted several negative effects, such as longer aortic cross-clamp and cardiopulmonary bypass times [12] [13] [14] , which could in turn influence surgery performance and could be an unfavorable factor for patients of advanced age [15, 16] . Moreover, some studies have explored short-term survival outcomes of minimally invasive techniques as compared with those of full sternotomy. Byrne et al. and Tabata et al. suggest that ministernotomy limits the invasiveness of surgical interventions, which may reduce morbidity [17, 18] . They argue that ministernotomy avoids unnecessary lower mediastinal dissection leading to reduced blood loss, need for transfusion, and length of stay in the critical care unit and in the hospital. Using a larger series of procedures (1126 patients), Totaro et al. investigated the perioperative mortality arising from re-do procedures, isolated first-time aortic valve replacement, and complex procedures. Their findings demonstrated that minimal invasion may be particularly useful in patients undergoing complex re-do surgical procedures [19] .
In this study, we present our experience with ministernotomy. The aim of our study was to analyze and compare operative, early postoperative outcomes, long-term postoperative results and 5-year survival after aortic valve replacement through ministernotomy and full sternotomy. The study is unique in the sense that we perform a comprehensive comparison of the outcomes of the two procedures over a longer period than previous studies and all the possible influences of the type of access on the patient's health.
Materials and Methods
This is a retrospective study of patients who underwent isolated aortic valve replacement through sternotomy or ministernotomy. All operations were performed between 1 October 2011 and 1 January 2016 in the department of cardiovascular medicine, Vilnius University Hospital Santaros Klinikos. From 2011 to 2016, 426 cardiac interventions were performed, of which 70 (16.4%) were minimal access surgery and 356 (83.6%) were interventions by means of a longitudinal sternotomy. Permission to conduct the study was obtained from Vilnius Regional Biomedical Research Ethics Committee (No. 158200-14-715-235).
The patients were selected according to age, sex, body mass index, etiology of the underlying disease, diagnosis, New York Heart Association (NYHA) evaluation, and echocardiographic parameters. To reduce selection bias, we used propensity score matching. Both the ministernotomy and full sternotomy (control) groups had 70 patients each. Patients requiring reoperation and procedures such as coronary artery bypass grafting, surgery of mitral or other valves, ascending aorta replacement, atrial fibrillation ablation, or aortic valve plasty were excluded from the study.
Statistical Analysis
Evaluation of dichotomous variables was done using the Fisher exact test, and the data are presented as percentages and number of cases. Categorical data were analyzed using the chi-square test. Continuously distributed variables were evaluated using the Student t test and presented as the mean ± standard deviation. The Shapiro-Wilk test was applied to check the normality of distribution of our data. Five-year survival was evaluated using Kaplan-Meier analysis and compared statistically using the log rank test. To reduce selection bias, a propensity score was calculated for each patient by logistic regression. A multinomial propensity score-matched cohort was constructed by nearest neighbor matching without replacement. Statistical analysis were performed using the Statistical Package for Social Sciences, version 21.0 (SPSS, Chicago, IL, USA), and p < 0.05 was considered statistically significant.
Results
The number of males was slightly higher than that of females in full sternotomy and ministernotomy (54.2% and 60%, respectively). Overall, the sternotomy patients were slightly older with a mean age of 61.04 ± 11.9 years than the ministernotomy patients with a mean of 60.8 ± 11.4 years (p = 0.155). However, the difference in age of patients in full sternotomy and ministernotomy was not significant. Table 1 illustrates the significant preoperative characteristics for the minimal invasive and full sternotomy patients. The characteristics between the groups were similar before surgery; however, EuroSCORE II >3% occurred more frequently in the sternotomy group than in the ministernotomy group (p = 0.006 in the overall cohort, p = 0.049 in the propensity matched cohort). A majority of patients were NYHA Class III in both conventional sternotomy as well as in ministernotomy in both cohorts. There were 81.43% NYHA Class III in the mini-sternotomy group and 84.6% in the sternotomy group in the overall cohort. In the propensity score matched cohort, there were 81.43% in the ministernotomy group and 91.4% in the sternotomy group. Analysis of comorbidity showed that the ministernotomy group had more patients with hypertension than the sternotomy group (p = 0.003, p = 0.016 respectively). Chronic obstructive pulmonary disease (COPD) was significantly more frequent in patients with minimally invasive access (4 (5.7%), p = 0.042); COPD was not observed in the full sternotomy group. Table 2 presents the intraoperative characteristics of both groups. In the overall cohort, a statistical difference in operative time was noted (p = 0.037). Ministernotomy had longer cross clamp (88.7 ± 20.7 vs. 79.9 ± 24.8 min, p < 0.001) and bypass (144.0 ± 29.9 vs. 132.7 ± 44.5 min, p = 0.026) times. Biological and mechanical valve type were used in the ministernotomy and sternotomy. There was a significant difference in the number of patients in whom a biological or mechanical valve was used in both the overall cohort and PSM cohort (p < 0.001).
In the propensity matched cohort, no statistical difference in operative time was noted (p = 0.856). The ministernotomy required significantly longer aortic cross-clamping time (8 min longer) than that required for the sternotomy (p = 0.007). The ministernotomy also required longer cardiopulmonary bypass time, which lasted almost 12 min longer than that in the full sternotomy (p = 0.049). Repeated cardioplegia was performed in 3 (4.3%) patients from the sternotomy group, but was not applied to the ministernotomy group (p = 0.080).
Postoperative statistics (Table 3) show that the ministernotomy had a few advantages over the full sternotomy. In the overall cohort, there was a lower incidence of 30-day mortality, of 1.4% in the ministernotomy group and 3.7% in the full sternotomy group (p = 0.022), a lower incidence of repeated cardioplegia, p = 0.042, shorter hospital stay post-surgery (17.6 ± 16.9 vs.13.06 ± 1.0 p = 0.025), and less 24-h chest tube drainage, p < 0.001.
In the propensity matched cohort, the duration of mechanical ventilation was significantly shorter during the ministernotomy than the full sternotomy (9.7 ± 1.7 h vs. 11.7 ± 1.4 h, p = 0.001). The amount of blood flowing through the chest tube drainage in the ministernotomy was almost 1.5 times more than that in the full sternotomy (p < 0.001). The total duration of hospitalization in the full sternotomy group was almost 4 days longer than that of the ministernotomy group (p = 0.012). Fourteen patients (20%) in the full sternotomy group underwent a correction of coagulopathy; no correction of coagulopathy was performed in the ministernotomy group (p < 0.001). Moreover, an evaluation of drug therapy for hemodynamic support showed that catecholamine is used significantly more often in the full sternotomy group than in the ministernotomy group (30.0% vs. 5.71%, p < 0.001). Evaluation of the use of pain medication showed that morphine is used significantly more often during the full sternotomy than during the mini-sternotomy (98.57% vs. 90.00%, p = 0.029). Stroke in both groups was not observed after surgery.
The analysis of factors predicting mortality after aortic valve replacement have shown that there is a strong correlation between left ventricular ejection fraction (LVEF) and the requirement of correction for coagulopathy. Patients with LVEF between 30-49% and with need for correction of coagulopathy have high chances of death as compared to patients with LVEF between >50% and with no requirement for correction of coagulopathy, as shown in Table 4 .
Based on a patient satisfaction survey, a significant increase in satisfaction after the ministernotomy was found, which could be attributed to a faster return to activities of daily living and better cosmetic results (Figures 1-3) . Except for eating, there was a higher percentage of patients with mini-sternotomy surgery compared to full sternotomy patients, who can cough, breathe, walk a short distance and brush their teeth by themselves. There were no patients with a surgical wound in the ministernotomy, while most patients in the sternotomy group felt discomfort because of their postoperative wounds. The results of the survey about the cosmetic effects of both methods in the propensity matching cohort are shown in Figure 3 . To evaluate the long-term results of the operations, echocardiographic parameters, NYHA stages, and clinical symptoms were examined for 3 years. After 1 year, the number of patients without complaints was significantly greater in the ministernotomy group (n = 61) 60 (98.4%) than in the full sternotomy group (n = 57) 46 (80.7%) (p = 0.002). During this period, no new cardiac interventions were performed, and on the second and third year of observation, significant differences in echocardiographic parameters, NYHA stage, and clinical symptoms between groups were not observed.
Thus, the major differences between the two operational techniques were observed in the early postoperative period. We found that the differences between groups decreased in the long term. Moreover, our findings were confirmed by the analysis using the Kaplan-Meier methodology (Figures 4 and 5) . In the overall cohort, the 5-year survival of the ministernotomy group was 91.3% while that in the full sternotomy group was 97.4% (p = 0.582) Figure 4 . In the propensity matched cohort, the 5-year survival: 66 (94.3%) in the ministernotomy group, 67 (95.7%) in the sternotomy group, total 133 (95%). The log-rank test revealed no significant differences in survival between the groups (p = 0.659) Figure 5 . 
Discussion
In this study, the evaluation of the results of the full sternotomy and the ministernotomy for aortic valve replacement revealed that the duration of the ministernotomy is longer than that of the full sternotomy. However, no statistical difference was observed in the propensity score matched cohort. We found that the ministernotomy requires a longer time to clamp the aorta during surgery and a longer cardiopulmonary bypass time. These results are consistent with previous findings [10] . Glauber et al. [9] and Lim et al. [14] reported that aortic valve replacement via a ministernotomy could be performed safely, despite the longer ischemic time. This fact is confirmed in the works of the majority of authors, which can worsen the parameters of the operation as a whole, and also become a particularly unfavorable factor for elderly patients. Nevertheless, opposite favorable tendencies were reported in some studies. In a retrospective analysis of the treatment of 2103 patients who underwent primary, isolated aortic valve replacement (ministernotomy approach (n = 936); full sternotomy approach (n = 1167)), Shehada et al. demonstrated that the time of aorta clamping during the operation was not statistically different between the full sternotomy and ministernotomy [11] . Their study showed that 30-day mortality for the ministernotomy and full sternotomy are not significantly different; their study advocated that the ministernotomy is a safe and effective procedure associated with a low mortality rate and good long-term survival rates. In addition to that, the ministernotomy was associated with shorter ventilation times, a lower rate of autologous blood transfusion, as well as a lower rate of postoperative respiratory and renal insufficiency.
When assessing postoperative indices, we found that the ventilation time during the ministernotomy was significantly shorter than that during the full sternotomy, which is also comparable with the results of other studies [20, 21] . Moreover, we noted a smaller amount of bleeding in the first 24 h after surgery through the chest tube drainage in the ministernotomy group. In the work of Yilmaz et al. [21] , the amount of blood loss was also significantly less during the 
When assessing postoperative indices, we found that the ventilation time during the ministernotomy was significantly shorter than that during the full sternotomy, which is also comparable with the results of other studies [20, 21] . Moreover, we noted a smaller amount of bleeding in the first 24 h after surgery through the chest tube drainage in the ministernotomy group. In the work of Yilmaz et al. [21] , the amount of blood loss was also significantly less during the ministernotomy. After a ministernotomy, a significantly smaller number of patients needed medical correction of coagulopathy. Hence, the small amount of blood volume loss during the ministernotomy not only could contribute to a more rapid patient recovery but also has a significant economic implication, i.e., in relation to the medications for the correction of coagulopathy.
The duration of hospitalization was almost 4 days longer in the full sternotomy group. Similar results are found in several studies comparing the ministernotomy and full sternotomy [10, 12, 21] . A shorter hospitalization duration is one of the main advantages of most minimally invasive methods. Furthermore, a comparison of the frequency of postoperative complications, such as postoperative wound infections, atrial fibrillation, cardiac tamponade, embolism, and acute renal failure, revealed no significant differences between the groups. Similar results were found in a previous meta-analysis [9] .
Based on the survey, patient satisfaction with the ministernotomy increased, which could be attributed to a faster return to activities of daily living and better cosmetic results. Several authors have demonstrated an improved cosmetic appearance of the postoperative wound after a ministernotomy [9, 11, 12] . Nevertheless, patient satisfaction in relation to a small incision lies not only in the better postoperative wound appearance but also in decreased pain intensity during breathing and the activities of daily living. Amr [12] also wrote about this in his study, and noted that in the early hospital period patients after a J-shaped upper ministernotomy could freely breathe without restrictions to their physical activity. Another important advantage of a small incision is the prevention of sternal wound dehiscence or overriding edges. A smaller wound contributes to a more rapid patient recovery [9] . Moreover, a year after the operation, the number of patients without complaints associated with their underlying disease and surgical intervention was significantly higher in the ministernotomy group; however, during the follow-up at 3 years, the difference was no longer statistically significant.
According to the results obtained in our study over a 5-year period, the differences between the groups were no longer statistically significant in the long term, which was confirmed by the Kaplan-Meier analysis. No significant differences in the 5-year survival between the groups were observed. Similar results were obtained by Skripochnik et al. [22] ; in assessing 1-and 4-year survival, they noted no significant differences between patients in the mini-invasive and those in full access groups. However, Merk et al. reported higher 5-and 8-year survival rates in patients who underwent minimal access operation than in those who underwent traditional interventions [20] . Although the authors could not explain this unique finding, they suggested that it could be due to the fact that the surgeons in the institution under investigation had more experience in performing surgery by minimal access.
This study has some limitations: the retrospective nature of the study, the single center experience, the limited number of study patients, and the fact that preoperative matching between the two groups could have been assessed only with larger groups. Nevertheless, preoperative characteristics were comparable between group ministernotomy and group sternotomy. Another limitation in this study was the lack of standardized recommendations for discharging patients after ministernotomy surgery.
Conclusions
Based on our findings, aortic valve replacement with the minimally invasive approach can be sufficiently safe and effective. Surgeries with the said approach reduce the duration of hospitalization, ventilation time, blood loss, surgical trauma and corrections of coagulopathy, improve cosmetic results, and speed up patient rehabilitation and the resumption of normal activities.
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